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senting a wide array of subtle cognitive defects. It was proposed that subjective memory complaints, in consequence, represent the earliest sign of dementia in carriers of the PS1 mutation.
METHOD

Subjects
An initial 125-subject sample, further reduced to 122 participants, was used in this study. All of the subjects were analyzed for the presence of a mutation in the PS1 gene. Forty of them were found to be positive for the mutation in the PS1 gene (E280A, substitution of glutamic acid for alanine) (Alzheimer's Disease Collaborative Group, 1995) (mutation-positive group, MP), whereas 82 showed negative results (mutation-negative group, MN). All the 122 participants were evaluated by neurologic and neuropsychological testing. The clinical diagnostic criteria used to rule out dementia were the National Institute of Neurological and Communication Disorders and Stroke-Alzheimer's Disease and Related Disorders Association (McKhann et al., 1984) and the Diagnostic and Statistical Manual of Mental Disorders , Fourth Edition (American Psychiatric Association, 1994) . Subjects were active, functionally normal, even though some of them complained of memory difficulties. In a secondary analysis, the MP group (40 subjects) was subdivided into two subgroups: Without memory difficulty (MP-1) (30 subjects) and with memory difficulty (MP-2) (10 subjects). A 15-question checklist was used to screen memory complaints. In order to avoid the potential effect of uncontrolled confounding variables, three MN subjects presenting significant memory complaints according to the checklist criteria were not used in further analyses. Therefore, the final sample included 122 participants.
Both groups (MP and MN) were matched by sociocultural conditions and educational level. MN subjects were blood relatives (i.e., siblings and other blood-related kin) of the MP participants. Mini-Mental State Examination (MMSE; Folstein, Folstein, & McHugh, 1975) scores were between 24 and 30. Twenty-three points has been shown to be an appropriate MMSE cutoff score among subjects with minimal education (Ardila, Rosselli, & Puente, 1994) . The neurological exam of all subjects was within normal limits. They were living in the highlands of the state of Antioquia in Colombia, and belonged to 12 different families dwelling in relatively close areas (Angostura, Yarumal, Santa Rosa de Osos, Ituango, San José de la Montaña, Dadeiba, Sopetrán, Cedeno, Sabanalarga, Medellín, and Belmira).
The demographic characteristics of the three groups can be observed in Table 1 . The sample was comprised of 44 males and 78 females. The MP-1 was the youngest group followed by the MP-2. There were no significant differences in the patients' level of education. In all groups there were illiterates or subjects with just 1 year of schooling.
Instruments
Two groups of neuropsychological instruments were individually administered to all the participants:
The neuropsychological test battery of the Consortium to Establish a Registry for Alzheimer's Disease (CERAD; Morris et al., 1989) . This consists of a Spanish version adapted to the cultural and linguistic idiosyncrasies of the target population. Words included cor- responded to the usual Spanish spoken in Antioquia state. Spelling backwards was not used in the MMSE because to spell is extremely unusual in Spanish language. Instead, subtracting by three was included. This neuropsychological test battery has the following sections:
1. Verbal Fluency. Subjects are asked to name as many animals as possible in 1 minute. The score was the total number of animals named. 2. Naming. Subjects are asked to name 15 objects presented as line drawings. Three groups of five items were used, the names having high-, middle-, and low-frequency everyday language. 3. Mini-Mental State Exam (MMSE; Folstein et al., 1975) . This is a brief standardized neuropsychological test battery that includes orientation, immediate and delayed memory, concentration, language (oral and written), and constructional praxis. 4. Memory of Words. Ten words are read and recalled three times. Maximum score is 30 for the three trials. Intrusions are also scored. 5. Constructional Praxis. Four line-drawings of figures with an increasing complexity (circle, diamond, rectangles, and cube) are presented for copying; maximum score is 11. 6. Recall of Words. Recall of words from test 4. A maximum of 90 seconds is allowed, and the maximum score is 10. 7. Recognition of Words. Recognition of the 10 words from test 4; 10 correct and 10 wrong words are included in a list; maximum correct (correct "yes") recognition is 10; maximum correct "was not there" answer is 10. 8. Recall of Line-Drawings. Recall from the four drawing in test 5. Maximum score is 11.
Additional neuropsychological tests administered to extend the neuropsychological evaluation. (Osterrieth, 1944) , copy, and immediate reproduction. The scoring system proposed by Taylor (1959) was used. The maximum score was 36. 5. Phonological Verbal Fluency: The average number of words beginning with "f," "a," and "s" produced in 1 minute. 6. Boston Naming Test (Kaplan, Goodglass, & Weintraub, 1983) . 7. Naming of Categories (Lopera, 1991) . Ninety-two figures corresponding to 11 semantic categories (10 house items, 10 current use objects, 5 flowers, 5 transportation vehicles, 10 tools, 7 professional activities, 10 animals, 10 foods, 10 body parts, 10 colors, and 5 actions) were used. Figures are presented one by one asking the subject to name them. If the subject fails, a semantic cue is presented. If the subject fails again, a phonological cue is used. Finally, four answer options are used (the correct word, a nonrelated word, a semantic and a phonological related word). Each correct answer is scored 1. Maximum score is 92. 8. Boston Diagnostic Aphasia Examination, Spanish version . 9. Memory of Three Phrases. The subject repeats three sentences one at the time.
After repeating the last one he/she is required to recall all three. One a point is given for each correct recalled sentence. Maximum score 3. 10. Serial Verbal Learning . A list of 10 common nouns is read to the subject, who has to recall as many words as he/she can in any given order. The words are repeated up to 10 trails or until the subject recalls the 10 words. Three scores were used: number of words recalled in the first trial, maximum number of words retrieved in the last trial, and number of words recalled in a delayed condition (15-20 minutes later). 11. Knopman Test (Knopman & Ryberg, 1989) . Ten written words are used. The subject must make a sentence with each one. Each word is presented twice. If the subject has difficulties, examiner suggests a sentence in the first presentation. In the second trial the subject can make a new sentence or to repeat the sentence suggested by the examiner. Five minutes later, the subject is requested to recall the 10 words used. Two scores are used: sentences made in the first trial (maximum score ϭ 10), and recalled words (maximum score ϭ 10). 12. Digit Symbol from the WMS (Wechsler, 1974) . 13. Visual "A" Cancellation Test .
Wechsler Memory Scale, Rey-Osterrieth Complex Figure, Verbal fluency, Boston Naming Test, Naming of Categories, Boston Diagnostic Aphasia Examination, Serial Verbal Learning and Visual "A" Cancellation Test have been previously normalized in Colombia in different age and education groups Rosselli, Ardila, Flórez, & Castro, 1990; Rosselli & Ardila, 1991) . It is important to note that most of the subjects had a very limited education and some were completely illiterate. Neuropsychological tests are highly sensitive to educational variables (Lezak, 1995) , and illiteracy has been correlated with an extremely low performance in most neuropsychological tests (Ardila, Rosselli, & Rosas, 1989; Rosselli, Ardila, & Rosas, 1990 ). Moreover, a significant association between school attendance and cognitive decline during aging has been suggested (Caramelli et Ming, Denaro, & Mayeaux, 1995) . In consequence, neuropsychological test scores in illiterates and people with very low levels of education have to be treated with extreme caution.
In addition, a Subjective Memory Complaints Checklist (Matallana & Montañez, 1995) was used. This checklist was administered to all the participants. The Subjective Memory Complaints Checklist includes 15 questions (e.g., difficulties remembering recent national events, following a televison program or movie, finding people or places names, etc.). Each question is scored in a 0-3-point scale (0 ϭ Never; 1 ϭ Seldom; 2 ϭ Sometimes; 3 ϭ Almost always). Therefore, maximum score is 45 points. When memory difficulties (i.e., a decrease in memory ability with regard his/her previous level of functioning) not severe enough to interfere with working and social life were reported, it was considered as an "isolated memory complaint." Based on previous exploratory studies, a cutoff of 18 points was used. Ten MP subjects and three MN participants obtained fulfilled the criterion for "isolated memory complaint." The later three subjects were excluded from the sample.
The purpose of the evaluation was explained to all the participants following an uniform protocol. Consent for evaluation was obtained from all subjects according to a protocol approved by the Human Subjects Committee of the University of Antioquia.
Professional psychologists and graduate neuropsychology students, under the supervision of a professor, performed testing. Examiners were blind to the genetic testing results. In all the cases, the CERAD neuropsychological test battery was administered initially, followed by the administration of the other neuropsychological tests. Testing took 4 to 5 hours, depending upon the group. Testing was divided into several 45-to 60-minute sessions.
Statistical Procedure
Differences between groups were analyzed for significance using Student's t test. Two-tailed probabilities are reported, and p Ͼ .05 was considered nonsignificant.
RESULTS
Initially, MN and MP groups were compared in the different neuropsychological tests. Table 2 presents the results obtained in the CERAD neuropsychological test battery. Statistically significant differences were observed in just a few test scores: Memory of Words (Intrusions in trial 2 and total intrusions), Recall of Words (intrusions), and Recognition of Words (correct "no"). Test scores were quite similar, even though the MN group in general obtained slightly higher scores than the MP group. Scores in the MMSE as a measure of general cognitive activity were 27.64 and 26.78 respectively ( p Ͻ .105). Table 3 presents the mean scores and standard deviations in the other neuropsychological tests. Performance in both groups was quite similar. Only some few test scores established statistically significant differences: Digits Backward, Memory Three Phrases and Visual "A" Cancellation Test. Difference in the Memory of Three Phrases Tests was particularly robust ( p Ͻ .003).
The MP was further subdivided in two subgroups: Those subjects without memory complaints (MP-1) and those participants with memory complaints (MP-2). When comparing both subgroups (MP-1 and MP-2) an MP-1 subgroup better performance was found throughout the different subtests. Nonetheless, only in some subtests, differences were statistically significant (Table 4 ). In the MMSE as a measure of general cognition, statistically significant differences were observed between the scores in group MP-1 (28.03) and MP-2 (23.00) ( p Ͻ .001). Verbal Fluency and Constructional Praxis scores did not establish statistically significant differences between both subgroups. In the Naming Test, differences were found only in finding low-frequency, not high-or middlefrequency words. In the Memory of Words test, statistically significant differences were observed across the different trials and also in the total score. Differences were also observed in the Intrusions score in the second trial and in the total number of intrusions. In the Recall of Words test, both scores (total correct and intrusions) were significantly dif- ferent. In Recognition of Words as well, both scores (correct "yes" and correct "no") were different with a statistical level of significance between groups. By the same token, in the Recall of Drawings, differences were established for the Diamond, Rectangles, and total score.
Results in other neuropsychological tests are presented in Table 5 . MP-1 outperformed MP-2 across the different test scores. MP subjects without memory complaints significantly outscored MP participants with memory complaints in the following test scores: WMS (Logical Memory, Associative Learning, and Total score), Rey-Osterrieth Complex Figure 
DISCUSSION
The hypothesis that early preclinical signs of dementia could be found in asymptomatic subjects carrying a mutation in the PS1 gene (E280A) was supported. Functionally normal subjects complaining of memory difficulties presented cognitive defects in several domains. Our results corroborate that in AD, specific memory deficits may serve as preclinical cognitive markers, especially in individuals with risk factors for AD such as a positive family history (Bondi et al., 1994) . Because the PS1 mutation is completely penetrant, all subjects in the MP group will eventually develop AD.
Otherwise normal subjects with subjective complaints of memory difficulties may have the initial symptoms of dementia. These subjects in our study presented significantly decreased scores in several neuropsychological memory tests: Memory of Words, Recall of Words, Recall of Drawings, Rey-Osterrieth Complex Figure- Immediate Recall, Memory of Three Phrases, and Knopman Test. Thus, subjective memory complaints were objectively documented. In addition to the memory difficulties, other minor cognitive impairments were also found.
Thus, memory complaints appeared to be the earliest symptoms of dementia in FAD. These memory difficulties were associated with mild anomia, concentration difficulties, and defects in the understanding of complex verbal material. Noteworthy, neither constructional defects, nor verbal fluency defects, or word-finding difficulties (excepting for low-frequency words) were observed. It can be proposed that minor memory impairment represents the initial dementia symptom of FAD. It can be associated with some concentration defects, difficulties in retrieving low-frequency words, and limitation in understanding complex language. The memory defect includes some amnesia not only for verbal but also for nonverbal information. At this point, however, some minor but significant defects in other cognitive domains are observed. Verbal fluency, visuoconstructive abilities, language, and naming (excepting low-frequency words) remain within normal limits. It may be expected that when advancing the dementia process, constructional difficulties, verbal fluency, and word-finding difficulties will become evident. 
